
Pre-filtering to Increase Watermark Signal-to-noise Ratio 



Relaterd Applications: 



Field of the Invention: 

The present invention relates to steganography and more particularly to detecting digital 
watermarks. 

Background of the Invention: 

Techniques for embedding a hidden digital message (i.e. a digital watermark) in a host 
medium such as an image, audio or video are well known. Various known 
watermarking applications verify the presence of the watermark in a target image, audio 
or video medium. There are also various known techniques for detecting and extracting 
(i.e. reading) digital watermark signals. Many watermarking applications are based on 
the ability of some types of watermark signals to survive manipulations (e.g. rotation, 
scaling and digital/analog conversions) which tend to weaken watermark signals. 

Summary of the Invention: 

The present invention utilizes pre-processing (pre-filtering) of the target data in order to 
facilitate and enable robust extraction of a watermark signal. With the present invention 
the watermarked data is pre-fiitered using knowledge of the watermark signal. That is, 
utilizing knowledge of the characteristics of the watermark signal ( for example that it 
falls in a certain frequency range), aspects or portions of the signal that do not carry the 




■aPDl isation ^9/5037884 



iras?7"t4r2eeGr 



EWG-091 



Page 1 



3/15/99 91 



watermark signal are eliminated by filtering. Such filtering can amplify the watermark 
signal and/or simultaneously reduces the strength of the original (host) content or noise 
in the data signal that contains the watermark. That is, pre-filtering increases the signal- 
to-noise ratio of the watermark signal and facilitates the watermark extraction steps 
(detection and decoding). With the present invention it is possible to extract weak 
watermark signals from target data. 

Brief Description of the Figures: 

Figure 1 is a diagram illustrating the prior art. 

Figure 2 is a diagram illustrating the present invention. 

Detailed Description: 

A prior art watermark detection system is illustrated in Figure 1 . Target data 10 which 
can be in the form of a watermarked image, a watermarked audio signal, or a 
watermarked video signal is operated on by a watermark detection and extraction device 
1 1 , Watermark detection devices generally use knowledge of the watermark signal 1 2 
in order to detect and read or decode the watermark signal. The watermark detection 
device 1 1 can be a special purpose device, an appropriately programmed computer or a 
computer subroutine yvhich is part of a larger program or device. Watermark detection 
and reading programs are known and commercially available. 

A preferred embodiment of the present invention is illustrated in Figure 2. The input is 
similar to that shown in Figure 1 . That is the input can be a watermarked image, 
watermarked audio data, or watermarked video data. The data is first passed through a 
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filter 21 which utilizes knowledge of the watermark to filter out aspects or portions of the 
target data that do not contain watermark information of interest. 

The following description, pertains to a situation where the host medium is an image. 
The host image contains a conventional digital watermark that has specific frequency 
characteristics (while the following discussion relates to an image which is carrying 
watermark data, the invention is equally applicable to audio or video data that is carrying 
watermark data). As is conventional the watermark signal has been repeatedly 
embedded in several regions of the host image. Consider an image that is divided into 
regions of n by m pixels. The task of watermark extraction is to first identify and isolate 
the frequencies of interest. This is achieved by correlating the power spectrum of the 
target image with the power spectrum of the watermark signal. As is well known, the 
host image content and the manipulation applied to the watermarked image introduce 
noise in the correlation process. 

With the present invention, the image data in each block is pre-filtered using a nonlinear 
filter 21 prior to watermark extraction by conventional units 1 1 and 12. The nonlinear 
pre-filter consists of two steps. The first step consists of applying a highpass filter (e.g. 
Laplacian operator) to each region. The highpass filter computes a new intensity value 
at each pixel in the image using 

Filtered intensity = Old intensity - average intensity of the 8 neighbors of the pixel 

The second step consists of applying a nonlinear operator (e.g. signum function) to the 
filtered output of the highpass filter. Each pixel is now modified as 
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New intensity = 1 if (Filtered intensity > 0) 
= 0 if (Filtered intensity = 0) 
= -1 if (Filtered intensity < 0) 



The highpass filter attenuates the low frequencies and amplifies the contribution from the 
higher frequencies in each region. The contribution to the low frequencies is mostly from 
the host image content. Higher frequencies from the watermark signal are amplified. 
The nonlinear operation whitens the noise caused by the host image content in the 
frequency domain, increasing the signal-to-noise ratio of the watermark signal. 
Following the non-linear pre-filter, the power spectrum of several regions is added 
together. Since the watermark frequencies repeat through several regions, the power at 
those frequencies adds up. The image frequencies from region to region are generally 
non-repetitive and get averaged out. The resulting power spectrum contains a higher 
signal-to-noise ratio watermark signal, and is then correlated with the power spectrum of 
the watermark. 

The filter is a combination of a Laplacian filter followed by a non-linear operation that 
limits the output of the Laplacian filter to be -1 , 0, and +1 . This filter is very effective in 
detecting the watermark signal. 

Mn'5ljmmaryr-tt=» e - present i nvgnt i on c j gfn op e^P ^ on any typo of watorma r kcd -sigQair* 
include watermarked images, watermarked audio signals and watermarked video 
signals. By knowing the chapacteristics of the watermark (for example that it falls within 
a certain frequency range/filtering can be used to reduce the portions of the signal that 
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are less likely to contain the watermark signal. The LaPlacian and Signum filters used 
in the above embodimept<5fthe invention are specific examples of filters that can be 
used; however, msffiy other types of filters can b e used in various embodiments of the 
4nvention.w|tKout dopofHng'fl'Qm tli^ bjpiit-af=Kl ccopo Qf-tho invontiao: 

It will be understood by those skilled in the art that the technique of reducing or removing 
portions of the signal in certain frequency ranges can be applied to frequency domain 
watermarking methods (methods that encode auxiliary data by altering transform 
coefficients) in order to enhance watermark detection and reading. 

By way of summary (without limiting the breath of the forgoing) this invention facilitates 
robust watermark extraction by applying a pre-filter that utilizes knowledge about the 
watermark signal. Such knowledge may include characteristics of the watermark such 
as specific frequencies, locations in the host medium (spatial and/or temporal) or specific 
properties of the host image that help locate and extract the watermark. 

e nt ip e s paeftf i cat i on of co- p end i ng^ p pl i rati n n ()9l'^n? i , RQ A - f t ted Fobruory 14, 2 6€)Q* 
and as^i^ed tot he assignee of the present invention is hereby incorporated herein in its 
■ epfiroty by -r ffffiTFhfy^ 

While the invention has been described with respect to various preferred embodiments 
thereof, it should be understood that various changes in form and detail may be made 
without departing from the spirit and scope of the invention. 
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